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Abstract
We study the polarization of hyperon in different processes in singly polarized pp collisions, in
particular its relation to the polarized parton distributions. We show that by measuring hyperon
polarization in particularly chosen processes, one can extract useful information on these parton
distributions. We show in particular that, by measuring the Σ+ polarization in high pT direct
photon production process, one can extract information on the gluon helicity distribution; and by
measuring the transverse polarization of hyeprons with high pT in singly polarized reactions, one
can obtain useful information on the transversity distribution. We present the numerical results
obtained for those hyperon polarizations using different models for parton distribution function
and those for the spin transfer in fragmentation processes.
PACS numbers: 13.88.+e, 13.85.Ni, 13.87.Fh
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I. INTRODUCTION
The spin structure of nucleon is one of the important issues in high energy spin physics.
Since the “spin crisis” induced by the EMC data in 1988 [1], the study of it has been an
active area of both experimental and theoretical research. Presently, the helicity distribu-
tions of quarks, in particular the valence quarks, have been determined with relatively high
precision experimentally through inclusive deeply inelastic lepton-nucleon scattering (DIS)
processes. However, little is known from experiment about the gluon helicity distribution
∆g(x,Q2), except some indirect estimates from the Q2 evolution of the quark distributions
[2]. For the transversely polarized case, i.e., the transversity distribution of quarks in the
nucleon, δq(x,Q2), the situation is even worse. Due to its chiral-odd property, it can not
be measured in inclusive DIS process and is up to now unmeasured [3]. It has to be ac-
companied by another chiral-odd quantity. Excitingly, many interesting ideas to measure
∆g(x,Q2) and δq(x,Q2) in polarized ep scatterings and pp collisions have been proposed
[2, 3, 4] and the related experiments are being undertaken or under way.
Hyperon polarization, in particular for Λ, has been widely used to study various as-
pects of spin effects in different reactions in particular the spin-dependent fragmentation
functions for their self-analyzing decay. The spin-dependent fragmentation function is in-
teresting in itself and also in serving as filters for exotic parton distribution functions, such
as polarized antiquark distributions and the above-mentioned gluon helicity distribution
and transversity of nucleon [5].
In a recent publication [6], we made a detailed study of the longitudinal polarization of
hyperons with high transverse momenta pT in inclusive process in pp collisions with one
beam longitudinally polarized. We found out in particular that the origin of Λ is usually
very complicated and the contribution of decay of other hyperons is very large. On the
contrary, the origin of Σ+ is much cleaner. The contribution from decay of other hyperons
is very small. In addition, there is a characteristic feature for Σ+ production with high pT
in pp collisions, i.e., the contributions from those which are directly produced and contain a
fragmenting u quark from the hard subprocess play the dominant role. In particular for the
region of η > 1.5 where η is the pseudo-rapidity of produced hyperons, such contributions
are larger than 93% at pT > 13 GeV and
√
s = 500 GeV(c.f. Fig.10 of [6]).
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This characteristics of Σ+ production is remarkable, since in the limiting case that only
this kind of contribution is considered, the Σ+ polarization is P
Σ+(lim)
L = t
F
Σ+,uP
u
L , (where
P uL is the longitudinal polarization of the u quark after the hard scattering and t
F
Σ+,u is
the spin transfer factor in the fragmentation process from the u quark to Σ+ for the case
that Σ+ contains the u quark). There are two different models for the spin transfer in the
fragmentation processes, one is based on the SU(6) wave-function of the hadrons, the other
is based on the DIS data and those of hyperon decay. The spin transfer factor is different
in the two pictures but is a constant in both cases. Hence, PΣ
+
L is directly proportional to
P uL . The fragmentation effects come in only through the proportional constant t
F
Σ+,u. In
this case, measuring Σ+ polarization provides a nice tool to study the polarization of the
quarks before fragmentation. Since such quark polarization is determined by the polarized
quark distribution functions in the nucleon and the calculable spin transfer factor in the
hard scattering, we expect that we can use it to study the exotic distributions, i.e., the
gluon helicity distribution and the quark transversity distribution in suitable processes.
In this paper, after a brief summary of the calculation method and main conclusion
for hyperon polarization in inclusive production processes in pp collisions, we present two
examples in this direction, i.e., hyperon polarization in direct photon production process
in longitudinally polarized pp collisions, and the transverse polarization of hyperons with
high pT in transversely polarized pp collisions. We show that they can be used to study
the gluon helicity distribution ∆g(x,Q2) and the quark transversity distribution δq(x,Q2)
respectively. We present the numerical results for the hyperon polarization in these two
processes obtained by using different models for ∆g(x,Q2) and δq(x,Q2). We show that
both of them can be measured at e.g., BNL RHIC and such measurements should provide
important information for ∆g(x,Q2) and δq(x,Q2).
II. CALCULATION METHOD OF POLARIZATION OF HYPERONS WITH
HIGH pT IN POLARIZED pp COLLISIONS
The calculation method of the polarization of hyperons with high pT in longitudinally
polarized pp collisions has been given in [6]. The method can be easily extended to other
cases. In this section, we summarize the main points of the method.
3
A. General formulae
We consider inclusive hyperon production with high pT in pp collisions with one beam
longitudinally polarized. The produced hyperons with high pT are mainly from the frag-
mentation of a scattered high pT parton in the hard subprocess, in which one of the initial
partons is (longitudinally) polarized. Since the polarization can be transferred to the out-
going parton in the hard scattering, the scattered parton can also be polarized and its
polarization can further be transferred to the produced hyperons. Their polarizations can
be obtained as follows (the subscripts “+” and “−” below denote helicities) :
PHL =
dσ(p+p→H+X) − dσ(p+p→H−X)
dσ(p+p→H+X) + dσ(p+p→H−X)
≡ d∆σ
(~pp→ ~HX)/dη
dσ(pp→HX)/dη
, (1)
where η is the pseudo-rapidity of produced hyperon, d∆σ and dσ are polarized and un-
polarized cross sections for inclusive hyperon production with high pT . For sufficiently
high pT , the factorization theorem can be applied and the (polarized) cross section can be
expressed as a convolution of perturbatively calculable partonic cross sections with certain
sets of (polarized) parton distribution and fragmentation functions at a proper scale. In
this case the relevant polarized cross section can be expressed as [7, 18],
d∆σ(~pp→
~HX)
dη
=
∫
pmin
T
dpT
∑
abcd
∫
dxadxbdz∆fa(xa, µ
2)fb(xb, µ
2)∆DHc (z, µ
2)
d∆σˆ(~ab→~cd)
dη
(2)
where the sum runs over all possible subprocesses, and the transverse momenta pT of
hyperons are integrated above a lower limit pminT ; ∆fa(xa, µ
2) and fb(xb, µ
2) are the lon-
gitudinally polarized and unpolarized distribution functions of partons in proton at the
scale µ; xa and xb are the corresponding momentum fractions carried by parton a and b.
∆DHc (z, µ
2) is the longitudinally polarized fragmentation function,
∆DHc (z, µ
2) ≡ DH(+)c(+) (z, µ2)−DH(−)c(+) (z, µ2), (3)
where D
H(+)
c(+) (z, µ
2) and D
H(−)
c(+) (z, µ
2) are the probabilities to produce a H with positive and
negative helicity in the fragmentation of a parton c with positive helicity, carrying off a
fraction z of parent parton’s momentum. d∆σˆ is defined for the hard scattering subprocess
similarly as d∆σ in Eq.(1), which can be calculated by pQCD.
The unpolarized cross section dσ(pp→HX)/dη is given by an expression similar to that
in Eq.(2), with all ∆’s removed. It can be calculated with considerable precision using
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the available parameterizations of the unpolarized parton distribution and fragmentation
functions.
For the polarized case, we see that from Eq.(2), the unknown parts in the formulae are
the polarized fragmentation function ∆DHc (z, µ
2) and the polarized parton distribution
∆fa(xa, µ
2). If we know ∆fa(xa, µ
2), we can study ∆DHc (z, µ
2) through hyperon polariza-
tion. Similarly, if the influence from ∆DHc (z, µ
2) can be determined, we can use it to study
the polarized parton distribution functions.
B. The polarized fragmentation function ∆DHc (z, µ
2)
We consider a general fragmentation process qf → Hi+X (subscripts “f” and “i” denote
the quark flavor and the type of hyperons) and calculate ∆DHiqf (z, µ
2) in the following way.
We divide the produced Hi’s into four groups and consider them separately. (A) directly
produced and contain the qf ’s; (B) decay products of heavier hyperons which were polarized
before their decays; (C) directly produced but do not contain the qf ’s; (D) decay products
of heavier hyperons which were unpolarized before their decays. In this way, we have,
DHiqf (z, µ
2) =
∑
α
DHi(α)qf (z, µ
2), (4)
∆DHiqf (z, µ
2) =
∑
α
∆DHi(α)qf (z, µ
2), (5)
where DHi(α)qf and ∆D
Hi(α)
qf
are the unpolarized and polarized fragmentation functions for
hyperons of group (α), and α = A,B,C or D.
It is clear that hyperons from (A) and (B) can be polarized while those from (C) and
(D) are not [8, 9, 10, 11]. Hence, if we denote t
F (α)
Hi,f
as the spin transfer factor for group
(α) in the fragmentation process, i.e.,
t
F (α)
Hi,f
(z, µ2) =
∆DHi(α)qf (z, µ
2)
D
Hi(α)
qf (z, µ2)
, (6)
we have,
t
F (C)
Hi,f
(z, µ2) = t
F (D)
Hi,f
(z, µ2) = 0. (7)
For those hyperons from group (A), the spin transfer factor t
F (A)
Hi,f
(z, µ2) is taken as the
fraction of spin carried by the f -flavor-quark divided by the number of valence-quark of
flavor f in Hi. In different pictures, such as the SU(6) picture and DIS picture used in e
+e−
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and ep reactions [8, 9, 10, 11], the contributions to the hyperon spin from different flavors
are different. In the SU(6) picture, these contributions can be obtained from the SU(6)
wave functions of the hyperons. In the DIS picture, for the JP = (1/2)+ octet hyperons,
they are obtained from the DIS data on the spin dependent structure functions and those
on hyperon decay. In both pictures, t
F (A)
Hi,f
is a constant independent of z. Clearly, t
F (A)
Hi,f
is
the probability for the polarization of qf to be transferred to the produced hyperon Hi in
the case that Hi contains qf . It is called “fragmentation spin transfer factor” and is usually
denoted as tFHi,f , i.e., t
F (A)
Hi,f
≡ tFHi,f . A list of tFHi,f for different hyperons can be found in
Table I of Ref. [10].
For those from group (B), hyperon Hi’s are from the decay of the heavier hyperon Hj’s
which are from group (A) and polarized before their decays. Here, an additional decay
polarization transfer factor tDHi,Hj is needed to obtain t
F (B)
Hi,f
(z, µ2) and we have
t
F (B)
Hi,f
= tDHi,Hjt
F
Hj ,f
, (8)
where tDHi,Hj is the probability for the polarization of Hj to be transferred to Hi in the
decay process Hj → Hi+X and the superscript “D” stands for decay. It is determined by
the decay process and is independent of the process in which Hj is produced. For the octet
hyperon decays, they are extracted from the materials in Review of Particle Properties
[12]. For the decuplet hyperons, we have to use an estimation based on the SU(6) quark
model [8]. Thus, as we pointed out in [6], to reduce the uncertainty of calculations, it is
important to consider the hyperons to which decay contributions are small.
Obtaining the spin transfer factors for different groups of hyperons, we can
get ∆DHiqf (z, µ
2) if we know the corresponding unpolarized fragmentation functions
DHi(α)qf (z, µ
2). The result is given by,
∆DHiqf (z, µ
2) = tFHi,fD
Hi(A)
qf
(z, µ2) +
∑
Hj
tDHi,Hjt
F
Hj ,f
DHi(B,Hj)qf (z, µ
2), (9)
where D
Hi(B,Hj)
qf (z, µ
2) is the contribution to Hi production from group (B) through qf →
Hj +X and Hj → Hi +X ′.
Using Eqs.(4) and (9), we can obtain the Hi polarization in the general fragmentation
process qf → Hi + X . We note that, one of the characteristics of the model is that, the
z-dependence of PHi comes from the interplay of the different contributions DHi(α)qf (z, µ
2),
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which are determined by the hadronization mechanism. These different contributions can
be calculated using a hadronization model that are well tested in unpolarized reactions.
This means that the shape of the z-dependence of the hyperon polarization from the
fragmentation process qf → Hi +X in this model can be fixed to a very large extent by
the results of an unpolarized hadronization model without any new free parameter. It
is therefore very crucial to test the model by looking at the shape of the z-dependence
of hyperon polarization. In this sense, the best places to test this model are e.g. e+e−
annihilation or deeply inelastic ep scattering, where fragmentation of a polarized quark with
a given energy can be studied. The model has been applied to these processes [9, 10, 11].
Presently, data on Λ polarization in e+e− annihilation are available. It is encouraging to
see that the obtained results under both SU(6) and DIS pictures give a good description
of the z-dependence of the data. Further tests can be made by future experiments in other
reactions such as lepton nucleon deep-inelastic scattering and pp collisions.
C. Different contributions to hyperon production in pp→ HiX
As mentioned earlier, the different contributions DHi(α)qf (z, µ
2)’s are determined by the
hadronization mechanism, and are independent of the polarization properties and can be
obtained from a hadronization model. Presently, the most convenient way to do this is to
employ a Monte Carlo event generator. In practice, we calculate hyperon polarization by
rewriting PHiL in Eq.(1) as,
PHiL =
∑
f
tFHi,fP
qf
L 〈nAHi,f〉+
∑
j,f
t
F (B)
Hi,f
P
qf
L 〈nBHi,Hj ,f〉
〈nAHi〉+ 〈nBHi〉+ 〈nCHi〉+ 〈nDHi〉
. (10)
The quantities P
qf
L and the different 〈nαHi〉’s are related to the parton distribution and the
fragmentation functions in the following way. P
qf
L is the polarization of the fragmenting
quark qf , i.e., the polarization of the outgoing quark in the hard scattering, which can
be calculated by pQCD and suitable parton distributions. 〈nAHi,f〉 is the average number
of Hi’s which are directly produced and contain qf , and 〈nBHi,Hj ,f〉 is the average number
of Hi coming from the decay of Hj which contains a polarized qf . 〈nAHi〉(≡
∑
f
〈nAHi,f〉),
〈nBHi〉(≡
∑
j,f
〈nBHi,Hj ,f〉), 〈nCHi〉, and 〈nDHi〉 are the average numbers of hyperons of group (A),
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(B), (C), and (D) in pp→ HiX , respectively. They are related to DHi(α)qf in pp→ HiX by,
〈nαHi〉 ∝
∑
abcd
∫
dxadxbdzfa(xa, µ
2)fb(xb, µ
2)DHi(α)c (z, µ
2)dσˆ(ab→cd). (11)
We use Lund model [13] implemented by the event generator pythia [14] to obtain them
in our calculations for pp collisions.
In Ref.[6], with the aid of generator pythia, we calculated the different contributions
to the inclusive high pT hyperon production in pp collisions. We found out that, for Λ
production (c.f. Fig.7 of Ref.[6]), the contribution of group (A) is relatively small. The
contribution of decay of other hyperons is considerably large. Hence, the uncertainties in
the calculations of Λ polarization are relatively large. In contrast, we found out also that,
for Σ+ production (c.f. Fig.10 of Ref.[6]), the decay contribution from heavier hyperons is
very small. It takes only a few percents for pT> 13 GeV at
√
s=500 GeV. The contributions
from group (A), i.e., which are directly produced and contain a fragmenting u quark play
the dominant role. In fact, they give more than 75% of the whole produced Σ+’s at pT>13
GeV. In particular for the region of η>1.5, they take more than 93%. The reason for
this result is simple: The Σ+’s of group (A) are usually the leading particles of quark
fragmentation. They take the largest fractions of the momenta of the fragmenting quark.
To produce a non-leading Σ+ with the same pT , one needs a quark of much higher pT ,
whose production is much suppressed. Since Σ+ has two u valence quarks, and u-quark
contributes much to the high pT quark jet, the contribution to Σ
+ from u dominates at
large pT .
If we neglect all other contributions, i.e., consider only the contribution of type (A), we
obtain the PΣ
+
L in this limiting case, i.e. the P
Σ+
L for those only from the origin (A) as,
P
Σ+(lim)
L = P
Σ+(A)
L = t
F
Σ+,uP
u
L . (12)
It is directly proportional to the polarization of the u-quark, P uL , after the hard scattering
and the proportional constant is just the fragmentation spin transfer factor tFΣ+,u.
We note that, as can be seen from Eq. (6), the factor tFΣ+,u can in general be z-
dependent. But, since the Σ+’s from group (A) are usually the leading particles in the
jet, its z-distribution is expected to be very narrow. To get a feeling of it, we calculate
the distribution of z for such Σ+’s using the MC event generator pythia and the results
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are shown in Fig.1. We see that, the distribution is indeed very narrow with a peak at
z≃0.8. In this region, the fragmentation function do not change very fast with z. Hence,
we expect that the z-dependence of tFΣ+,u, if any, should not have much influence on the Σ
+
polarization. In this paper, we only discuss the case that such a z-dependence is neglected.
In this case, the factor tFΣ+,u can be different for different pictures but it is a constant and
can in principle be determined in corresponding experiments by one data point. Hence,
Σ+ polarization provides a nice tool to study the polarization of the quarks. In this way,
we can study the polarized parton distributions, such as the gluon helicity distribution and
the quark transversity distribution, by measuring Σ+ polarization in suitable process of pp
collisions. In next two sections, we give two of such examples.
III. POLARIZATION OF Σ+ IN DIRECT PHOTON PRODUCTION PROCESS
AND GLUON HELICITY DISTRIBUTION
Among different methods to probe gluon helicity distribution in nucleon, high pT direct
photon production in pp collisions is one of the most direct process since the cross section is
directly related to the gluon distribution. The idea to measure gluon helicity distribution
through the double spin asymmetry ALL in direct photon production process is one of the
most promising one in this connection [4]. Here, both beams need to be polarized. In
this section, we show that useful information can also be extracted on the gluon helicity
distribution by measuring polarization of Σ+ with high pT in ~pp→ γ~Σ+X with one beam
polarized.
A. Calculation formulae for hyperon polarization in ~pp→ γ ~HX
We consider the polarization of hyperons with high pT associated with a single large pT
direct photon in pp collisions with one proton longitudinally polarized. We recall that three
kinds of hard scattering, i.e., qg → γq, q¯g → γq¯, and qq¯ → γg, contribute to pp→ γHX at
high pT . But, for pp→ γΣ+X , the latter two, i.e., q¯g → γq¯, and qq¯ → γg, are significantly
suppressed. Using the event generator pythia, we can study this explicitly. The results
show that, their contributions are less than 4% totally at
√
s = 200 GeV and pminT = 4
GeV. This implies that, the hard process qg → γq play the dominant role in pp→ γΣ+X
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at high pT and the contributions of other two subprocesses can be neglected. In this case,
the polarized cross section for pp→ γΣ+X is given by,
d∆σ(~pp→γ
~Σ+X)
dη
=
∫
pmin
T
dpT
∑
f
∫
dxadxbdz∆g(xa, µ
2)qf (xb, µ
2)∆DHf (z, µ
2)
d∆σˆ(~gqf→γ~qf )
dη
+(g ↔ qf ),
(13)
where the sum runs over the different quark flavors. The first term corresponds to the
contribution from subprocess ~gqf → γ~qf while the second term (g ↔ qf) corresponds to
the contribution from ~qfg → γ~qf , which has a similar expression as the first term with an
exchange of g and qf in the parton distributions and the hard scattering cross section. We
see that the first term is related to ∆g(x), while the second one is related to ∆qf (x). In
our following calculations, we choose the positive axis of pseudo-rapidity η as the moving
direction of the polarized proton. We expect that the first term dominates at the region of
η < 0, while the second one contributes mainly at the region of η > 0, since the probability
for a forward scattering is usually much larger than that for a backward scattering. This will
be further illustrated in next subsection using the results from Monte Carlo calculations.
For the first term of Eq.(13), the hard scattering is ~gqf → γ~qf . The integrand can be
rewritten as,
∆g(xa, µ
2)qf(xb, µ
2)∆DHf (z, µ
2)d∆σˆ =
∑
α
P
qf
L t
F (α)
H,f g(xa, µ
2)qf (xb, µ
2)D
H(α)
f (z, µ
2)dσˆ,
(14)
where P
qf
L is the polarization of outgoing quark in the hard subprocess ~gqf → γ ~qf and is
directly related to ∆g(xa, µ
2) by,
P
qf
L =
d∆σˆ
dσˆ
∆g(xa, µ
2)
g(xa, µ2)
. (15)
d∆σˆ/dσˆ is the spin transfer from g to qf in the hard scattering ~gqf → γ ~qf . To the leading
order, it is given by,
DL(y) ≡ d∆σˆ
dσˆ
=
1− (1− y)2
1 + (1− y)2 , (16)
where y ≡ kq · (kg − kγ)/kg · kq and kg, kq and kγ are the four-momenta of incoming gluon
g, quark qf and the produced γ respectively.
For the second term of Eq.(13), the integrand is,
∆qf (xa, µ
2)g(xb, µ
2)∆DHf (z, µ
2)d∆σˆ =
∑
α
P
qf
L t
F (α)
H,f qf (xa, µ
2)g(xb, µ
2)D
H(α)
f (z, µ
2)dσˆ,
(17)
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where
P
qf
L =
∆qf (xa, µ
2)
qf (xa, µ2)
, (18)
since the spin transfer for ~qfg → γ~qf is equal to 1.
We further note that the product on the r.h.s. of Eq.(14) or Eq. (17),
g(xa, µ
2)qf (xb, µ
2)D
H(α)
f (z, µ
2)dσˆ, corresponds to the unpolarized hyperon production from
group (α) in pp→ γHX . They are proportional to the average numbers 〈nαH〉 of hyperon
production in pp → γHX , which can also be obtained by the generator pythia. Hence,
if we can determine the constant t
F (α)
H,f using a few data points, we will be able to extract
information from hyperon polarization on the gluon helicity distribution in direct photon
production process in pp collisions.
B. Numerical results for Σ+ polarization in ~pp→ γ~Σ+X
As can be seen from the above mentioned discussions, to get information on ∆g(x, µ2),
hyperon production from the subprocess ~gq → γ~q is useful while that from ~qg → γ~q
is a background. Fortunately, the former dominates at the region of η < 0 while the
latter dominates at the region of η > 0. To see this explicitly, with the aid of generator
pythia, we calculate these two contributions separately for pp → γΣ+X and the results
for
√
s = 200 GeV and pminT = 4 GeV are shown in Fig.2. Here, the cut-off of pT means
that the transverse momenta of the produced photon and hyperon are both larger than 4
GeV. We see that although there are some influences from ~qg → γ~q in the region of η < 0,
they are very small and less than 40%. It is possible to use hyperon polarizations in this
region to study the gluon helicity distribution.
Fig. 3 shows the different contributions to Σ+ production in ~pp→ γ~Σ+X for √s = 200
GeV and pminT = 4 GeV. We see that, the contribution from group (A), i.e., which are
directly produced and contain a fragmenting u quark is larger than 80%, even in the
small |η| region. This percentage is even larger than that for Σ+ production at high pT
in pp → Σ+X . In particular in the large |η| region, the u quark fragmentation plays
the dominant role. Since u quark carries most of the hyperon Σ+’s spin, the resulting Σ+
polarization in ~pp→ γ~Σ+X should be much larger and more sensitive to ∆g(x) than that of
Λ. Furthermore, also due to the dominance of the u quark fragmentation, the production
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rate of Σ+ should be comparable with that of Λ, which implies that the statistics for
studying Σ+ should be similar to that of Λ. We first calculate PΣ
+
L in region of −1 < η < 0
as a function of pT at
√
s = 200 GeV under the SU(6) and DIS pictures. We use three
different sets of ∆g(x) parameterization as inputs and the results are shown in Fig.4. The
obtained results from different ∆g parameterizations differ significantly from each other.
We also show the results of PΣ
+
L in Fig.5 for p
min
T = 8 GeV at
√
s = 200 GeV as a function
of η. We see that, PΣ
+
L increases with increasing η to the order of 0.3 at η = 1. P
Σ+
L can
select among different sets of ∆g(x, µ2) in the region of η < 0. Such differences could be
distinguished at RHIC or other future experiments. Therefore, by measuring PΣ
+
L in high
pT direct photon production process, one can get useful information [15] to distinguish
between different sets of ∆g(x, µ2).
As we mentioned in Sec.IIC, the origin of Λ inclusively produced in pp collisions is very
complicated and the decay contribution is very large. Also, because of the dominance of u
quark fragmentation, the obtained Λ polarization is expected to be very small and contain
a large uncertainty. We do similar calculations and find that the obtained PΛL is smaller
than 3% in all cases and thus it can not be used to study gluon helicity distribution.
IV. TRANSVERSE POLARIZATION OF HYPERONS WITH HIGH pT
When one of the proton beam is transversely polarized, the hyperons with high pT can
also be transversely polarized. In this section, we show that by measuring the polarization
of Σ+ with high pT in transversely polarized pp collisions, one can get useful information
on the quark transversity distributions in nucleon.
A. Calculation formulae for hyperon polarization in ~p⊥p→ ~H⊥X
The calculation formulae for hyperon polarization in the transversely polarized case are
completely similar to those in the longitudinally polarized case. We summarize them in
the following. Similar to Eq.(1), the polarization of hyperon in ~p⊥p→ ~H⊥X is given by,
PHT =
dσ(p↑p→H↑X) − dσ(p↑p→H↓X)
dσ(p↑p→H↑X) + dσ(p↑p→H↓X)
≡ d∆Tσ
(~p⊥p→ ~H⊥X)/dη
dσ(pp→HX)/dη
. (19)
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Here, as well as in the following, the subscripts “↑” and “↓” denote the transverse polar-
ization of the particle. The polarized cross section has a similar expression as Eq.(2),
d∆Tσ
(~p⊥p→ ~H⊥X)
dη
=
∫
pmin
T
dpT
∑
abcd
∫
dxadxbdzδfa(xa, µ
2)fb(xb, µ
2)∆TD
H
c (z, µ
2)
d∆T σˆ
(~a⊥b→~c⊥d)
dη
,
(20)
where ∆TD
H
c (z, µ
2) ≡ DH(↑)c(↑) (z, µ2)−DH(↓)c(↑) (z, µ2) is the transversely polarized fragmenta-
tion function; d∆T σˆ is defined for the hard subprocess in case of transverse polarization,
which can also be calculated by pQCD. Now, similarly to Eq.(14), the integrand of Eq.(20)
can be rewritten as,
δfa(xa, µ
2)fb(xb, µ
2)∆TD
H
c (z, µ
2)d∆T σˆ =
∑
α
P qcT T
F (α)
H,c fa(xa, µ
2)fb(xb, µ
2)DH(α)c (z, µ
2)dσˆ.
(21)
The only differences are that P qcT and T
F (α)
H,c = ∆TD
H(α)
c (z, µ
2)/DH(α)c (z, µ
2) are the trans-
verse polarization of the scattering quark c and the transverse spin transfer factor, which
take the place of P qcL and t
F (α)
H,c in the longitudinally polarized case. P
qc
T is related to the
transversity distribution by,
P qcT = DT
δfa(xa, µ
2)
fa(xa, µ2)
, (22)
where DT ≡ d∆T σˆ/dσˆ is the transverse spin transfer in the hard subprocess ~a⊥b → ~c⊥d
from the incoming parton a to the outgoing parton c. To the leading order, it is only a
function of y defined in last section, and the results for different hard subprocesses can be
found in different publications[16, 17].
The product fa(xa, µ
2)fb(xb, µ
2)DH(α)c (z, µ
2)dσˆ in the r.h.s. of Eq.(21), is again propor-
tional to the average numbers of hyperons from different groups (A), (B), (C) and (D) in
pp → HX , which can be calculated by using e.g. pythia [14]. The unknown factors left
to obtain PHT are the spin transfer factor T
F (α)
H,c and δfa(xa, µ
2). Hence, if we know one of
them, one can study the other by measuring PHT .
B. Numerical estimation of transverse polarization of hyperons with high pT
As we emphasized in Sec.II, the relative weights of the different contributions to hyper-
ons in the final states are determined by the hadronization mechanism and are independent
of the polarization properties. This means that, if we consider ~p⊥p → ~Σ+⊥X , we have the
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same conclusion that Σ+’s of origin (A), i.e., those are directly produced and contain a
scattered u quark, play the dominant role. In this case, for the Σ+ polarization, the frag-
mentation effects come in mainly through the transverse spin transfer factor T
F (α)
H,c , which
is a constant. Similarly, we denote T
F (α)
Hi,f
as the transverse spin transfer factor for the quark
qf to hyperon Hi. So, in experiments, if we can determine T
F (α)
Hi,f
using a few data points,
we can extract information on δq(x) by measuring PΣ
+
T in pp collisions.
To get a feeling of how large PΣ
+
T can be and how strongly it depends on the different
choices of δq(x,Q2), we make some numerical estimations by using different inputs for
T
F (α)
Hi,f
and δq(x,Q2) in the following. In general, the transverse spin transfer factor T
F (α)
Hi,f
can be different from t
F (α)
Hi,f
, the spin transfer factor in the longitudinally polarized case.
This is similar to the difference between the helicity and the transversity distributions
of the quarks in nucleon [3]. Because of the relativistic effects, the magnitudes and/or
shapes of them are in general different from each other. On the other hand, it seems that
the qualitative features, in particular the signs of them, are the same, especially in the
large momentum fraction region [3]. Similarly, we may expect that T
F (α)
Hi,f
has the same
qualitative behavior as t
F (α)
Hi,f
. Hence, we use the same results as those for t
F (α)
Hi,f
obtained in
the SU(6) and DIS pictures in the following estimations. For the transversity distribution
δq(x,Q2), we use the simple form obtained in the light-cone SU(6) quark-spectator model
[20, 21], and for comparison, the upper limit of δq(x,Q2) in Soffer’s inequality [22],
|δq(x,Q2)| ≤ 1
2
[∆q(x,Q2) + q(x,Q2)]. (23)
We first calculate the transverse polarization of Σ+ as a function of η at
√
s = 500 GeV
and pminT = 13 GeV in pp collisions with one beam transversely polarized. Here, the p
min
T we
have chosen not only guarantees the applicability of pQCD[18], but also ensures that the
quark involved partonic subprocesses dominate others[6, 19] in pp→ Σ+X . The results are
shown in Fig.6. We see that, the magnitude of PΣ
+
T can be quite large. It increases to about
0.5 with increasing η. Though not very large, the difference between the Soffer inequality
and the light-cone model is obvious. In addition, for the convenience of comparison with
future experimental data, we also calculate PΣ
+
T for the region of 0<η<1.5 as a function
of pT at
√
s = 500 GeV. The results are shown in Fig.7. We see that, PΣ
+
T ’s in different
cases increase with pT and the differences among different models are clear. P
Σ+
T could
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be measured at RHIC or other future experiments and can be used as a complementary
method to obtain δu(x,Q2).
We should note that, the transverse polarization of the produced hyperons discussed
above is defined with respect to the direction of motion of the quark before fragmentation,
or the jet axis in the final state. It refers to the transverse polarization direction of the quark
after the hard subprocess. This polarization direction is determined by the polarization
direction of the incoming quark and the scattering process which is calculable by using
pQCD. The pQCD calculations show that the direction of transverse polarization of the
incoming and that of the outgoing quark are related to each other by a rotation around the
normal of the scattering plane, which changes the moving direction of the quark from the
incoming to the outgoing direction (C.f. Fig. 2 of Ref.[16]). In practise, since the hyperons
that we consider are mainly the leading particles in the jet, the jet axis can approximately
be replaced by the direction of motion of the hyperons.
As a comparison, we also calculate the transverse polarizations for Λ, Σ−, Ξ0 and Ξ−
with pT>13 GeV in polarized pp→ HX as a function of η at
√
s = 500 GeV. The results
are shown in Fig. 8. We can see that, they are also transversely polarized with different
signs. PΛT is very small either for light-cone model or Soffer inequality. This is because,
the spin transfer from the u and d quark to the produced Λ is zero in SU(6) picture and
very small in DIS picture and it is right u and d quark fragmentation that dominate the
high pT hyperon production in pp collisions.
V. SUMMARY
In this paper, we study the polarization of hyperon in different processes in polarized
pp collisions and its relation to the polarized parton distributions, in particular the gluon
helicity distribution and the quark transversity distribution. We show that by measuring
the Σ+ polarization in high pT direct photon production in singly polarized pp collisions
at high energy, one can extract the gluon helicity distribution; and present the numerical
results for Σ+ polarization in ~pp→ γ~Σ+X at RHIC energy obtained using different inputs
of ∆g(x,Q2). The results show that Σ+ polarization is in general large and sensitive
to ∆g(x,Q2) in the region of −2 < η < 0. We also find out that the measurement of
15
transverse polarization of Σ+ with high pT in ~p⊥p→ ~Σ+⊥X can provide useful information
for the transversity distribution of nucleon, and present the numerical results obtained
using different inputs for the transversity distributions and the spin transfer factor in
fragmentation of transversely polarized quark. Such measurements can be carried out e.g.
at RHIC and should provide useful information on the gluon helicity distribution and quark
transversity distribution in nucleon.
Acknowledgments
We thank X.N. Wang for suggesting us to look at the direct photon production and
for stimulating discussions. This work was supported in part by the National Science
Foundation of China (NSFC) with grant No.10347116 and No.10175037 and the Education
Ministry of China.
[1] EM Collaboration, J. Ashman et al, Phys. Lett. B206, 364 (1988).
[2] See, e.g., B.W. Filippone and X. Ji, Adv. Nucl. Phys., 26, 1(2001).
[3] See, e.g., V. Barone, A. Drago, P.G. Ratcliffe, Phys. Rep. 359, 1 (2002).
[4] G. Bunce, N. Saito, J. Soffer, and W. Vogelsang, Ann. Rev. Nucl. Part. Sci. 50, 525 (2000).
[5] R.L. Jaffe, talk given at 3rd Circum-Pan-Pacific Symposium on High Energy Spin Physics,
Beijing, China, 8-13, Oct 2001, Int. J. Mod. Phys. A 18:1141-1152, 2003; talk presented at
the second Workshop on Physics with a Polarized-Electron Light-Ion Collider (EPIC), Sep.
14, 2000 at MIT, Cambridge, Massachusetts, USA.
[6] Xu Qing-hua, Liu Chun-xiu and Liang Zuo-tang, Phys. Rev. D65, 114008 (2002).
[7] J. Babcock, E. Monsay and D. Sivers, Phys. Rev. D19, 1483 (1979); N.S. Craigie et al.,
Phys. Rep. 99, 69 (1983).
[8] G. Gustafson and J. Ha¨kkinen, Phys. Lett. B303, 350 (1993).
[9] C. Boros and Liang Zuo-tang, Phys. Rev. D57, 4491 (1998).
[10] Liu Chun-xiu and Liang Zuo-tang, Phys. Rev. D62, 094001 (2000).
[11] Liu Chun-xiu, Xu Qing-hua and Liang Zuo-tang, Phys. Rev. D64, 073004 (2001).
[12] Particle Data Group, D.E. Groom et al., Euro. Phys. J. C15, 1 (2000).
16
[13] B. Andersson, G. Gustafson, G. Ingelman and T.Sjo¨strand, Phys. Rep. 97, 31 (1983).
[14] T. Sjo¨strand, Comp. Phys. Commun. 82, 74 (1994).
[15] We note that the possible NLO corrections to the results above are not included here, for
event generator is used for fragmentation function in our calculations. The correction to the
spin transfer in the hard scattering, the ratio of d∆σˆ/dσˆ, should be small [18]. So, we expect
that such correction to hyperon polarization is small. For a precise analysis of the extraction
of ∆g(x,Q2), the NLO corrections should be considered in Eq. (13).
[16] J.C. Collins, S.F. Heppelmann, and G.A. Ladinsky, Nucl. Phys. B420, 565 (1994).
[17] M. Stratmann and W. Vogelsang, Phys. Lett. B295, 277 (1992).
[18] D. de Florian, M. Stratmann, and W. Vogelsang, Phys. Rev. Lett. 81, 530 (1998).
[19] C. Boros, J. T. Londergan and A. W. Thomas, Phys. Rev. D62, 014021 (2000).
[20] B.Q. Ma, I. Schmidt, and J. J. Yang, Phys. Rev. D 63, 037501 (2001).
[21] B.Q. Ma, I. Schmidt, and J. Soffer, Phys. Lett. B 441, 461 (1998).
[22] J. Soffer, Phys. Rev. Lett. 74, 1292 (1995).
[23] M. Glu¨ck, E. Reya, M. Stratmann, W. Vogelsang, Phys. Rev. D 63, 094005 (2001).
[24] J. Blu¨mlein, H. Bo¨ttcher, Nucl. Phys. B636, 225 (2002).
[25] Asymmetry Analysis Collaboration (AAC), Y. Goto et al., Phys. Rev. D 62, 034017 (2000).
[26] M. Glu¨ck, E. Reya, and A. Vogt, Eur. Phys. J. C5, 461 (1998).
17
0200
400
600
800
0 0.2 0.4 0.6 0.8 1
z
dN
/d
z
FIG. 1: The distribution of z fraction of Σ+’s that are directly produced and contain a fragmenting
u quark in pp collisions at
√
s = 500 GeV and pminT =13 GeV.
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FIG. 2: Different contributions to Σ+ production at
√
s = 200 GeV and pminT = 4 GeV in the
direct photon production in singly polarized pp collisions. Dotted line denotes the contribution
from the hard process ~gq → γ~q, the dashed line denotes that from ~qg → γ~q, and the solid one is
the total of them.
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FIG. 3: Different contributions to Σ+ production in pp→ γΣ+X as a function of η at √s = 200
GeV and pminT = 4 GeV. The solid line denotes the contribution of group (A), i.e., those which are
directly produced and contain a fragmenting quark in the hard scattering; the dash-dotted line
corresponds to the contribution of decay of other hyperons; the dotted and the dashed lines denote
those which contain a fragmenting quark in the subprocess ~gq → γ~q and ~qg → γ~q respectively.
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FIG. 4: Polarization of Σ+ for different sets of ∆g(x, µ2) in ~pp → γ~Σ+X as a function of pT in
the region of −1 < η < 0 at √s = 200 GeV under (a) SU6 picture and (b) DIS picture for the
spin transfer factor. “GRSV2000” denotes the standard LO GRSV2000 [23] parameterization of
gluon distribution; “BB02” denotes the LO BB02 parameterization[24]; “AAC00” denotes the
LO AAC00 parameterization[25]. GRV98 [26] for unpolarized parton distribution is used in all
the calculations.
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FIG. 5: Polarization of Σ+ for different sets of ∆g(x, µ2) in ~pp → γ~Σ+X as a function of η at
√
s = 200 GeV and pminT = 8 GeV under (a) SU6 picture and (b) DIS picture for the spin transfer
factor.
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FIG. 6: Σ+ polarization with pminT =13 GeV in ~p⊥p→ ~Σ+⊥X as a function of η at
√
s = 500 GeV.
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FIG. 7: Σ+ polarization at 0 < η < 1.5 as a function of pT in ~p⊥p→ ~Σ+⊥X at
√
s = 500 GeV.
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FIG. 8: Polarizations for Λ, Σ−, Ξ0 and Ξ− with pminT =13 GeV in ~p⊥p→ ~H⊥X as a function of
η at
√
s = 500 GeV.
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